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1. ..PIEZOELECTRIC PORCELAIN SUBSTRATE 
2... ELECTRODE 
3 . . . ELECTRODE 
la. . .OPPOSITE FACE 
lb. . .OPPOSITE FACE 

(57) Abstract: A piezoelectric porcelain substrate (1) which comprises a composition containing a perovskite type oxide (Na^^^.^K 
xLi y Agz)(Nbi.wTaw)03 and a tungstoi bronze type oxide M(Nbi.vTav)206, wherein M is an element belonging to Group 2 of the long 
Periodic Table. The symbols x, y and z are preferably in the following ranges, res|>ectively: O.I ^ x ^ 0.9, 0 ^ y ^ 0.2 and 0 ^ 
z ^ 0.05. The composition preferably contains the tungsten bronze type oxide in an amount of 5.3 mol % or less. The piezoelectric 
porcelain has a high Curie temperature, can be used over a wide range of temperature, can generate a great displacement and can be 
fined with ease, and further is excellent also from pollutant, environmental and ecological view points. 
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m^^>:$^)V (Ta2 Os ) SIM^J 4 - 1 «^liS^J 1 - 2 1 1^— 

1 0 t;fefrt-5n©M«IIM«»Jl-2i:|^«ll3 0. 0 0 5 tV. ©M^J-O-^^SJi 
HJE^WJ 1 - 2 ^:l^#C^fife^{C*fbTO. 3 1««%tbfc. Illi«»)4-1~4 

k r*<tu:3 kv/mm©mi^2:EPjnb;ti^©^^^^assrsy^L;t. -ene.® 
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U^^^4K^-ro SI»J4- 1-4- 7 tCOV^T^ JElUKSlO^aL U- 

m4iz^vrc^^\z. mmm4- 1'-4-7 iz^mt. mmmi-2 i-mmz 

^ 2 (D%m2i^4(0%nii(O^Wc\Z^n^^>^}V(0^mmfi^^<f^^\Z^^^. 

mt.m±m.^^ vrc(Dt>. /b-^<u^ mi^-^^^ e nfc » 

^>i$';i'©^^a^ 5 Omo 1 %mTfrnJi. l 5 0'C£il_hi||ffii:Fp1M?5:l^i 

3^^. ^^mmmxYx. m2<D7cm^^t^m4 07cmiz:^if^^>^ji^o^mm. 
■rfsit>t>. f^2(D7tm^rc{tfS4<D7cmiz^>'$^ju^^^. ^2(07tmi^4 

(D7t^ii(D^mz^n^i^>'$f)V(D'^^mifi^ Omo 1 %JSi^T, »*b<«3m 
o 1 %&L±3 Omo 1 %1J;T, Mlrjf ^ L < 6 m o 1 %&.±2 Omo 1 %£;T 

[Il2ifi«9| 5 - 1 ~ 5 - 4 ] 

-fb^ici i\z^\.tzm^m^^^^ii\^x^ti^o\zvtcz.^^m^. 

M^SJl - 2 ^:i^:^fCbTfl£^^^^f^Mbfe. ^ila^»J5- 1-5-41? 

. ll2CD7n^lC5*-rSBl ©5r^0^fijcit. •r/ifc-&'fk^^ 1 1 fc^tt^ p ©It 
<£^5 iC^LfcJ: 5 fc^-ffc^ii-fc. ^ifi«s| 5-2 tt*iSM 1-2 2im—<O^(0X 
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-2iimm\Z0. 3 lKS%i:bfc, ^M««J 5 - 1 ~ 5 - 4 fCOV^Tfe, ll»J 
1 -2 .hl^^HllcbT, Jtl§«^£r. «^^t^ig-&^ick r 43J;(UC3 k V/mm 

e>n}/s:. ^tc. n^^^i nz:i5\,'f^D<Dm'^i^^<f3i^izm^. ■o^om2<D7€ 
mizn-r^mi(D7zm(Dm.miti)^±^<i3i^izm^. itmrnmar, m^mmn 

fR]-os^e>nfe. •rut>t,. m2(D7tm\zM-r^mi(D7tmom.miti!fio- 95^; 

[USS^J 6 - 1 ~ 6 - 3 ] 

Jg^ail - 2 tRiHtcLxjaEm^TSf^MLfe. HM^aj 6 - 1 - 6 - 3 T 

. ^3©7C^©m^> "r;5:*)-fe<b^^l 2JC:feVt^M^^6 fc^LfcJ:'5J3^{b 
^-B:. X hu>^^A<DMmz\'imm7.hU>^^A (S r CO3 ) l^^^^fflV^ 
. iJJVi^K?A<Dmmz\:iimWtiJ)Vz^r^A (CaCOs ) «&**fflVi3fco fSi^s ^ 

mmi-2iimmzo. oostv. B\^^(o^^m\tmmmi-2izmm\z± 
m^izMvxo. 3 iMm%tvrc, mmme- i-^e- 3iz-D\,^x%. mmm 

1-2 iimm\ZVX. itmnmBT. m^^Mi^-^^^k r *5j;tX3 kV/mm 

mtmmi- i<om^ii^izmi6\z^-ro 
me iz^vrz<i:v\z. mmme-i-^e- siz^tnt. mmmi- 2 hmmz 

immm 7-1-7-1 o] 
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^m^-^ts^-^izLtc^t^^^. <m-immmi- 2 iimmizi^xs.nm=i^^^ 

■Lmm^^^nm2m\^^o^^mzn-r^'^^m\%. ^n^n^? tc^ufc -ft 
<Dmniz\tm<\:.::Ly^jv (Nio) m^^m^^. mmowMz\tm<tm^ (zn 

O) i^^^m^^. i^>:$^}V(Dmm\Zitmit^>^)V (Ta^ Os ) t^^S^V^fc 

o 

^is*fij7- 1-7- 1 ojctPViTt), ^jfi««i 1 - 2 ti^^ifdUT. itmn^s 

*7 ^ 21iJ^^[)'&'&tf^JE«aj 7 - 2 ~ 7 - 1 0 tcJ;nt^> ^ 

iz-z>\r^x±^f3:mm^^tirco -tut)-^. wi^^^vx. ■^>:a>iziQXxm. 

# < T€ S d i y^>^:^3{)^ o fco 
[*M^J8- 1-8-4] 

•fb^aS:! 4iz^Lrcm^m^±^^iLi^x'^ts^'^izvr:ict^m^. mtm 
mmi - 2 iimmzvxmnm^^i^mvr:io -^-ois. ^js^s- 1-3-47? 

x^j:Uz (omtimsiz^vtz^vizm^t^'^r^io mommzu. m^tm (Ag 

0. 3lMS%tbfc:. Sit, :$:^ii3^Jt3^-r-g>it^^«J8- l~8-4«»:bT, 
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^M8-l~8-4:feit)fJtWJ8-l~8-4{CC»ViT'b, HM^J 1 -2 

<f3:^m\^f}^M,^nft, -tfSit)^. mi ©TC^fCiSti-S^O'^W*^ 5mo 1% 

[^IS^J 9 - 1 ~ 9 - 4 ] 

^m^'^t^.ktfizvftizii^m^. mitmmms- 1 hmuizvxmmm'r^f^ 
mvtdo itn^^i 5iz^i.-ft^^^(Dm.m\tmmms-i iim-x$>Kf. mim\ 

SIM^J9- l~9-4»c:oVsT%>, lliS«SJ8- 1 tl^^^tcLT. itM«^£ r 

ffin^Lfc. -en6®^:^^£*M^^8 - 1 <Dmmi:mzmi9\z^-ro 

^9 td^bfcct^tC. B21iJfK^}-2r^tf||JE«^9- l~9-4fc:J;n«. ^2 
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immm lo-i-io-s] 

«ktjfB2iis#sgu> mimiz^vrcW^^m\^^TmmT^o 

^m^<Dmntvx. mm^-hv^M. (Na^ cos ) b^. mm:^^ 

(K2 CO3 ) Bm. m^V^^A (Li 2 cOs ) m'ft;:^:^:?' (N 
ba Os ) i^T^. ^^AU'^A (BaCOa ) B^^^Z^Wt^S^^ > (T i O2 

) ^^n^nfflicLfco wm^(Dmmihx. mm-r>iJ> (Mncoa 
) n^^mMVTc. 'A^^^Xs zLn?>^0^^ii^zj^m^^omn^±^iz^m-^'i^ 

2^ ; T^T^zfS 10 1 #M) o 

2iim-'(o%<Dx^r). mmmi 0-2. i o- zuf^i(D^u-:r7.tj^ vmm 
\zn\^xmm^<omnxdb^mm'^>ii>B^om^-^i)'iQ . 5®s%t5&s<fc. 

^itb^co-fe. 110 0'C-z?2B#r«^!£UTB2®^D:/x;«7-r KMM<b^-c^ 
-S^iJ^^mA'J ^A^f^^l^fc (^2S : XT^'^ys 1 0 2#M) . 

mil. m\^6^<Dw.mi^'^'-)v^)v\z^y)iifi^xu^\^x-^m.\^. 
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8 5 O-C-l 0 0 0X:T2mmUmvrc ; X^^yy'S 1 0 3#H8) 

iD*?)4 OMP a©JE:;^3"T?ttSl 7 mmORftJbifC^?^U> Ml;:i^4 0 OMP a 
iZ9 5 Ot:-! 3 5 OX:i^4mmm0ZVrci (m2m T^y^^y-fS 1 0 5#ig) . 

>^Un->:^-r;i/tfj-^3 k V/mm~l 0 k V/min®«#<& l 3 O^^FrgfiJ 
2«JbT:«-M^S$fr-pfe 2 © ; X5^^y ^ S 1 0 6 . ^:n{CiO^ Hila 

«3J 10-1-10-3 ©J£«mT*#fc. 

Omo 1 't1Sit>%it^^l 6 fC:fett-5m<DM<£ 0. 1 ibfcClt 

m^ntzmmm i o - 1 ~ i o-z:^iiTS\tm.M i o - 1 ®jEmm^icov>T 
fe. mmmi-2 iznmzvx. jt^m^er, m^^feitj®-&^ick r*3j:(yt3 

^10 tC^LfeJ;-5 (C. 10-2. 10-3 lc:J;nt^. 5^^>®?/tiJ ij; 

i^^^^u\*^mmm 1 0 - 1 J; D ^\3cmnm b r :^^z^m±^iiLm\z^\,^x±^ 
>m/'^V'yA<D^^m^^0'<ys:^izmK itmmms t io^xim±m^Mit±^ 

0ijio-2. io-3Ttt, ^^>mj-^o^A^^^fsi\^^mmmi 0- lizit^ 
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[.mmm ii-i~ii-i3] 

mm 10-1-10-3 tiwi^}cbTiEm^^<&#Kbfc. ^mm 1 1 

-1-11-13 mi ©TH^om^K (-fb^^l 7 {c*3frt^x:feJ:tJfy©#[) 

^mt^mm 10-1-10-3 i:i^ii-e$>^. 
^ji^sji 1-1-11-1 z\z'D\,^x'h. mMmi-2 ^nmzx^x. jt^m 

^M^SH^bfco ^ne.<DiSm^^l Ifci^-r- 
^l 1 ^iS^sj 1 1 - 2. 11-4. 11-5, .11-7, 1 

1-9, 11-11, 1 1 -1 sicin^. HM^ji 0-2, lo-zLnmz 

. o^0:it7 U •>A©'^WS*^^<>&'5t-t«^V^> itmnw^B r, m^aM5^-&#^ 

e.nfc. f^t)-^. mi ©7C^{c::fefrt-5:«J U "i/AO-^Wft^ 1 Omo 1 %U4±9 
Omo 1 %£AT<h-rnj^, JEm4#ttS:FR]±^ii:-5>e: t7&5T#, ^±^^*$r:^v:# 

ick r :fe,i:t;f^^^^S«J;0:*:#<:^S«lRld^Be.nfco •r^t>-&, H 1 ©tc 

*tc:43ViT 2 Omo 1 %eJ^T©'J5^r>A<£:-^trcfc^{C-rnt^, mm'tt'ltiSrrfeli^ 

immm 12-1-12-3) 

iS^^iJ 1 0 - 1 - 1 0 - 3 tUmfCbTBEm^-^^f^^Lxfc. ^<DI^, IISS^J12 
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-1-12-31?, ^>^JU(D^y^m (<b#^l 8{C*5tt^w:feJ;t;^v<^M) t 

\tmmMi 0-3 tmu-v^o. ^>-s^}V(owiP[\z\m.it^>-s^)v ( 

2-1-1 2-3 tcioviTfe, iimmzx^x. \tmm,m 

o^:^^^JS^ji 0-1-1 0 - 3©^;^t^fc^i 2(c:^-r. 

^1 2 tC^Lfej^-Sfc, IIM^aj 1 2 - 2 , 1 2 - 3 J;tlt^. ^ifi^aj 1 0 - 2 

r^^um^^^m\z-o\,^'x:±'^-f3im.ffimBnrco ^rc. m2(D7cm^^zs 
m4(D7iim\zi^>t$^)\^^^tsmmmi 2- 2, 12-300:^*^. ^>^;v^-^s 
35:vi^jg«aii 0- 2, 1 0 - 3 fcjt'^T, ±^f3im±^^Mf)m^nr:i, <au, 

^M««J12-2, 1 2-3-Z?tt, HIE^BIl 0-2. 1 0- 3 J:Dfe^j.U— ®S 

> TfSit^^it^^i 8iz^n^w^^z^v(Dmi!)m-'-v$>:bm'^iz'Di>x^\^rc 
TfSiiD^. m2(D7im^rz\tm4(D7tm\z:$'>^jv^^^. m2(D7vm^m4 

(Dytmil<0^m\Z:t5Vf^$'>^Jl^<0^^&^t5 Omo 1 %i^T(ommfHizu^ ^ 

immm 13-1-13-4] 

^b^^i 9iz^vr!im.^^^^m^ti.x^^. w}fS(,»tvxmi siz^vtc 
Mitifio^t^ts^vizvftziii^m^s mtmmmi 0-3 tmmizvx&mmf' 
^i^mvft, 9iz^v^±^^<Dmmtmmmi o-3iim-x$>o. 

-1-13-4-r, m.it^. mb:3A;ph, m<t—y^ji^t:i\tmtm^iimt 
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^iS^^l 3- l-l 3-4COViTfe. ^ifi^ 1 0 - 3 tPI^CLT. it^m 

^ne.<D^^^^jiM 10-3 (D^mt^iz^i s {c^-r o 
^1 3ic^bfcj:-5t. 2BifSc.^^'^t^mmm 1 3-i~i 3-4icj;ntf 

itmt^^t5m^m(Dmmz'D\^^xi,y<-D^^(Dm'^m^fxM:ii^m\zmmvr:iiA. 
±mmm(Dmm\z^i,>xmmhrcm.^(Dmmmx$>ti\f£. mou^xi^^x^m 

&.±. mm<DMm^^ummm^mifx:$imm^mmvTci)^. ^¥^m\t. ±m 
^moMmi5^nmmm\zm^-^n^%<DXJitf3i< . m^^j^t^^^ii^x^^ 

7sy->zru>xmn^mh(ou^m^^^'ir^m^\z-o\,^xm.mhf:Lifi. cicom 

xmmvtclfi. iik(D^n:/xti-i hmmtm^'BEiZ'^ /uXi^^x 
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Jin^T. ±E^ie©?^^cfe ^2©^n:/x*'f hsmfbi^;&^ 
7c^ f:::-^ A^T T J; , 

*5 <}; >U- Sr^SJ fcp If fifi (D BES^^ O T t>:*:^ HJ ^ igffi "T -S CI 1 75^ 

mz^if^fBzcD^u^xtf-i hmm^mcD-^mm^ i omo i %^mL-r^^ 

-5. 
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(D^mm^^l Omo 1 %U±9 Omo 1 %l^ATi7^^ J: "5 J^O&tl 

Hfd, :^^m(Dm(D~mm\zm^s.mmmiz^n\t. m.^m\z^vf^^>-!f7. 
mmtmi)^. ^mmmmm^ 2 j^^Tcm® •5-^cD^7S:<i:'bi a^-^tr^ 3 (Oit 

So 

-T?. 5 ox:&L±tmm±mm:fi\^mmizT^mzifi-v^^^^ 

1 2m<D7tm(D^t>(D^p:f3:< iz^im^^tsmti^^. ^n^o^ytmrn^^o) 
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(Nai.x.y.2KxLiyAgz)p (Nbi.wTaw)03 

M (Nbi.v Tav)206 
(l-n)A + nB 

(Nai.x.y Kx LiyAgz)p (Nbi.^ Ta^) O3 

^b^^ 5 
QTiOs 

(l-m-n)Al + mA2 + nB 

(l-n){(Nao.57Ko.38Lio.o5)Nb03} + n{BaNb206} 

(l-n){(Nao.95.xKxLio.o5)Nb03} + niBaNbzOg} 

(l-n){(Nai.x.yKxLiy)Nb03> + nfBaNbaOe} 
it^^l 0 

(l-n){(Nao.57Ko.38Lio.o5)(Nbi.wTaw) 03> + n{Ba(Nb,.v Tav)206} 
it^^l 1 

(l-n){(Nao.57Ko.38Lio.o5)pNb03} + niBaNbaOg) 



wo 02/102738 PCT/JP02/05966 

32 

Yb^^ 1 2 

(l-ii){(Nao.57Ko.38Lio.o5)Nb03} + niMNbaOg} 
it^^ 1 3 

0.995{(Nao.57Ko.38Lio.o5)(Nbo.9Tao.i)03> + 0.005{Ba(Nbo.9Tao.i)206} 
it^^ 1 4 

(l-n){(Nao.95-x.zKxLio.o5Agz)Nb03} + n{BaNb206} 
it^^ 1 5 

0.995{(Nao.56Ko.38Lio.o5Ago.oi)Nb03} + 0.005 {BaNbaOe) 
it^^ 1 6 

(0.995-m) (Nao.57Ko38Lio.o5)Nb03 + mBaTi03 + O.OOSBaNbaOe 
Ik^^ 1 7 

(0.995-m) (Nai.x.yKxLiy)Nb03 + mBaTiOs + 0.005BaNb2O6 
it^^ 1 8 

(0.995-m) (Nao^7Ko38Lio.o5)(Nbi.wTaw)03 + mBaTiOs + 0.005Ba(Nbi.vTav)2O6 

it^^ 1 9 

0.985 (Nao.57Ko.38Lio.05) Nb03 + 0.01BariO3 + 0.005BaNb2O6 
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MnO 


e r 


kr(%) 


(%) 


M 


n 

(mol) 


1-1 


Ba 


0.002 


0.31 


470 


41.9 


0.075 


:^/»tal7U 1 Z 


Ba 


0.005 


0.31 


535 


43.1 


0.083 


mt^Ri 1-3 


Ba 


0.01 


0.31 


572 


40.8 


0 081 


^^ftj 1-4 


Ba 


0.026 


0.31 


682 


36.5 


0.079 


1-5 


Ba 


0.053 


0.31 


949 


28.2 


0.072 


itlSf^Jl-1 




0 


0.31 


375 


33.9 


0.053 
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MnOCD 


£ r 


kr(%) 


(%) 


M 


X 

(mol) 


n 

(mol) 




Ba 


0 20 




0.31 


348 


30.5 


0.048 




Ba 


0 30 


0 005 


0.31 


425 


37.6 


0.065 


IIWJ2-3 


Ba 


0.33 


0.005 


0.31 


503 


40.1 


0.076 


^m2-4 


Ba 


0.38 


0.005 


0.31 


535 


43.1 


0.083 




Ba 


0.55 


0.005 


0.31 


543 


41.4 


0.081 


^m2-6 


Ba 


0.57 


0.005 


0.31 


546 


40.2 


0.078 




Ba 


0.60 


0.005 


0.31 


525 


38.6 


0.074 


^^]2-6 


Ba 


0.75 


0.005 


0.31 


374 


32.2 


0.053 


Jt|5E0i|2-l 




0.20 


0 


0.31 


220 


24.1 


0.029 






0.38 


0 


0.31 


375 


33.9 


0.053 


li^j2-3 




0.75 


0 


0.31 


232 


25.5 


0.031 
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^3 







MnOO 

(mS%) 


e r 


kr(%) 


^± 
(%) 


Us o 

M 


X 

(mol) 


y 

(mol) 


n 

(mol) 


^SSM 3-1 


Ba 


0.39 


0.02 


0.005 


0.31 


408 


35.5 


0.060 




Ba 


0.38 


0.05 


0.005 


0.31 


535 


43.1 


0.083 




Ba 


0.36 


0.1 


0.005 


O.il 


7o3 


34.3 


0.080 


Hite^J 3-4 


Ba 


0.32 


0.2 


0.005 














0.38 


0.05 


0 


0.31 


375 


33.9 


0.053 






0.36 


0.10 


0 


0.31 


602 


25.9 


0.052 


Jt|!50i|3-3 




0.32 


0.20 


0 


0.31 


390 


18.1 


0.029 
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^4 







MnO<^ 












M 


w,v 
(mol) 


n 
(mol) 


£ r 




m 
(%) 






Ba 


0 


0.005 


031 


535 


43.1 


0.083 


462 




oa 






0.31 


706 


45.6 


0.101 


445 




Ba 


0.06 


0.005 


0.31 


916 


46.9 


0.118 


429 


mmm 4-4 


Ba 


0.1 


0.005 


0.31 


965 


45.7 


0.118 


405 


^m4-5 


Ba 


0.2 


0.005 


0.31 


998 


43.1 


0.115 


351 


mtm4-6 


Ba 


0.3 


0.005 


0.31 


1006 


40.7 


0.108 


293 




Ba 


0.5 


0.005 


0.31 


1030 


33.4 


0.09 


158 
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MnO (D 


£ r 


kr(%) 


(%) 


M 


P 
(mol) 


n 

(mol) 




Ba 


1.01 


0.005 


0.31 


402 


38.5 


0.065 




Ba 


1.00 


0.005 


0.31 


535 


43.1 


0.083 


5-3 


Ba 


0.99 


0.005 


0.31 


502 


41.3 


0.078 




Ba 


0.98 


0.005 


0.31 


436 


39.8 


0.070 








MnO<?5 

mm) 


£ r 


kr(%) 




M 


n 

(mol) 




Ba 


0.005 


0.31 


535 


43.1 


0.083 




(Bao.5Sro.3Cao.2) 


0.005 


0.31 


516 


41.7 


0.079 


mm 6-2 


(Bao.4Sro.4Cao.2) 


0.005 


0.31 


513 


42.0 


0.079 


mm G-3 


(Bao.3Sro.5Cao.2) 


0.005 


0.31 


518 


42.3 


0.080 


imm 1-1 




0 


0.31 


375 


33.9 


0.053 
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^7 









itm 

£ r 


kr(%) 


(%) 










mm 7-1 


MnO 


0.31 


— 


0 


965 


45.7 


0.118 


7-2 


MnO 


0.31 


Fe203 


0.2 


1015 


47.5 


0.126 


^M7-3 


MnO 


0.31 


C03O4 


0.2 


1015 


48.2 


0.126 




MnO 


0.31 


NiO 


0.2 


962 


47.3 


0.124 


mm 7-5 


MnO 


0.31 


ZnO 


0.01 


953 


47.2 


0.124 


^m7-6 


MnO 


0.31 


ZnO 


0.05 


948 


49.0 


0.131 


mm 7^ 


MnO 


0.31 


ZnO 


0.1 


976 


48.3 


0.128 


^m7-8 


MnO 


0.31 


ZnO 


0.2 


1013 


47.5 


0.124 


^m7^ 


MnO 


0.31 


ZnO 


0.5 


1041 


47.0 


0.122 


m^m 7-10 


MnO 


0.31 


ZnO 


1.0 


1020 


46.8 


0.122 
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^8 







^^6^ 
MnO (D 
\Mm%) 


e r 


kr (%) 


^± 

(%) 




X 

(mol) 
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